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Reply to Zayed: Interplay of magnetism and
structure in the Shastry–Sutherland model
The connection between electronic and
structural degrees of freedom—whether suc-
cessive, coincident, or causal—suffuses the
study of phase transitions. The Shastry–
Sutherland model of a planar network of
coupled spin dimers (1) and its physical
realization in SrCu2(BO3)2 (SCBO) provide
a fundamental quantum mechanical test of
this connection at the onset of antiferro-
magnetic order. We summarize in Fig. 1
the current understanding of SCBO’s phase
diagram for T < 200 K and an intermediate
pressure range of 3.5–6 GPa (2–4). At pres-
sures below∼4–5 GPa, SCBO has a tetragonal
structure that hosts several low-temperature
magnetic phases. Above this pressure, mono-
clinic distortions reduce the symmetry of the
lattice. In ref. 2, we performed full structural
refinements of X-ray and neutron scattering
measurements to identify a change in space
group at 5.5 GPa as a function of tempera-
ture (red circles in Fig. 1). This structural
change coincides with the onset of antiferro-
magnetic ordering as a function of tempera-
ture, and we argue that this is not a coin-
cidence but instead represents a cooperative
effect between distortions of the lattice, the
dimers tilting out of the plane, and the emer-
gence of long-range magnetic order. In his
comment on our work, Zayed (5) proposes
an alternative scenario, in which the antifer-
romagnetic ordering onsets at lower pressure,
within the tetragonal phase, and is then sta-
bilized by the structural distortion associated
with the monoclinic phase. He further spec-
ulates that this earlier onset may be associated
with the dome in the phase boundary re-
ported in ref. 4 (dark red region, Fig. 1).
Zayed’s suggestion is an intriguing one.
However, there is not yet evidence in the
literature to support it. To tease apart com-
peting effects, one requires a sufficiently de-
tailed measurement to allow a full refinement
of both the structural and magnetic diffrac-
tion patterns. To the best of our knowledge,
a measurement of this sort has not been per-
formed in the dome region. The technique
used in ref. 4 to measure the phase boundary,
of examining the splitting of the degeneracy
of the (211) Bragg reflection, is sufficient for
tracking the general transition between te-
tragonal and monoclinic ordering, but it does
not yield sufficient information to either
specify the space group within the mono-
clinic phase or to identify the potential onset
of Néel ordering of spins within the tetrago-
nal phase. In the absence of high-resolution
powder X-ray and neutron measurements in
this region, we believe a more likely scenario
is that the dome is due to the onset of mag-
netic ordering associated with the P121/C121
distortion stabilizing the overall tetragonal to
monoclinic transition.
ACKNOWLEDGMENTS. The work at the University of
Chicago was supported by National Science Foundation
Grant DMR-1206519. The work performed at the Ad-
vanced Photon Source was supported by the US De-
partment of Energy (DOE) Office of Basic Energy Sciences
under Contract DEAC02-06CH11357. The work per-
formed at the Spallation Neutron Source was supported
by the DOE Office of Basic Energy Sciences.
S. Haravifarda,b, A. Banerjeea,c,
J. vanWezeld,1, D. M. Silevitcha, António M.
dos Santosc, J. C. Langb, E. Kermarrece,
G. Srajerb, B. D. Gauline, J. J. Molaisonc,
H. A. Dabkowskae, and T. F. Rosenbauma,2,3
aThe James Franck Institute and Department
of Physics, The University of Chicago, Chicago,
IL 60637; bAdvanced Photon Source, Argonne
National Laboratory, Argonne, IL 60439;
cQuantum Condensed Matter Division, Oak
Ridge National Laboratory, Oak Ridge, TN
37831; dSchool of Physics, The University of
Bristol, Bristol BS8 1TL, United Kingdom; and
eDepartment of Physics and Astronomy and
Brockhouse Institute for Material Research,
McMaster University, Hamilton, ON, Canada
L8S 4M1
1 Shastry BS, Sutherland B (1981) Exact ground state of a quantum
mechanical antiferromagnet. Physica B+C 108(1-3):1069–1070.
2 Haravifard S, et al. (2014) Emergence of long-range order in
sheets of magnetic dimers. Proc Natl Acad Sci USA 111(40):
14372–14377.
3 Haravifard S, et al. (2012) Continuous and discontinuous quantum
phase transitions in a model two-dimensional magnet. Proc Natl
Acad Sci USA 109(7):2286–2289.
4 Zayed ME, et al. (2014) Temperature dependence of the pressure
induced monoclinic distortion in the spin Shastry-Sutherland
compound SrCu2(BO3)2. Solid State Commun 186:13–17.
5 Zayed ME (2015) On the origins of antiferromagnetic order in
a frustrated spin system at high pressure. Proc Natl Acad Sci USA
112:E382.
Author contributions: S.H. and T.F.R. designed research; S.H., A.B.,
A.M.d.S., J.C.L., E.K., G.S., B.D.G., and J.J.M. performed research;
S.H., B.D.G., and H.A.D. contributed new reagents/analytic tools;
S.H., J.v.W., D.M.S., and T.F.R. analyzed data; and S.H., J.v.W., D.M.S.,
and T.F.R. wrote the paper.
The authors declare no conflict of interest.
1Present address: Institute of Physics, University of Amsterdam,
Amsterdam, 1098 XH, The Netherlands.
2Present address: Division of Physics, Mathematics and Astronomy,
California Institute of Technology, Pasadena, CA 91125.
3To whom correspondence should be addressed. Email: tfr@
caltech.edu.




Fig. 1. Structural phase diagram of SrCu2(BO2)3 as a function of temperature and pressure. Red circles mark the (P,T) locations at which full structural refinements were per-
formed to identify and locate the C121/P121 structural transition and accompanying onset of magnetic ordering (2). The blue squares and green triangle mark the measured
tetragonal to monoclinic transition determined from properties of individual Bragg reflections (3, 4). Background shading identifies different structural phases, with dark red
marking the curvature region mentioned in ref. 5.
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